T hyroid and parathyroid surgical procedures are common operations. Owing to the close anatomic relationship between the thyroid and parathyroid glands and the laryngeal nerves, iatrogenic injury to the recurrent laryngeal nerve (RLN) with subsequent vocal fold paralysis (VFP) or paresis is one of the most commonly encountered complications. Mechanisms of iatrogenic RLN injury may include mechanical (ie, compression, crush, stretch, or laceration), thermal, or vascular (ie, ischemic injury) factors. Nonetheless, the presence or absence of RLN dysfunction alone does not predict functional voice outcome after thyroidectomy. Other mechanisms can affect vocal fold function, including injury to the external branch of the superior laryngeal nerve; postoperative inflammation; laryngeal edema; surgical trauma to the cricothyroid muscle, the extralaryngeal or strap muscles, or the cricoarytenoid joint; endotracheal intubation-related trauma; and laryngotracheal fixation. [1] [2] [3] Vocal manifestations from these various injuries can range from a seemingly normal voice or transient voice fatigue to profound and permanent dysphonia with a substantially adverse effect on the patient's quality of life. [4] [5] [6] Such complications are of concern not only for the patients but for the surgeons because these complications are common causes of medicolegal litigation. 7 Therefore, assessment of vocal fold function is important in the preoperative and postoperative evaluation of patients. 5 This assessment will detect an existing preoperative RLN palsy or an early iatrogenic RLN injury. 5, 6, 8 Although most postoperative voice changes resolve spontaneously within 3 to 6 months of thyroid surgery, patients can develop maladaptive compensatory mechanisms during the postoperative recovery. [9] [10] [11] Such vocal behaviors can persist after resolution of the underlying vocal fold injury and are most appropriately evaluated and treated by experienced speech-language pathologists or otolaryngologists. Early identification of voice dysfunction and referral to a speechlanguage pathologist or an otolaryngologist for vocal rehabilitation could be beneficial to these patients so that vocal function can be optimized. However, owing to the low reported incidence of VFP after thyroid and parathyroid surgery, especially in experienced hands, some investigators 12 [15] [16] [17] [18] [19] Ultrasonography is noninvasive, inexpensive, and well tolerated by patients. However, the diagnostic accuracy and reliability of TLUSG rely on clear visualization of the real-time movement of vocal folds and arytenoids during the examination. Some factors responsible for the low sensitivity of TLUSG are postoperative changes and obesity, the latter of which has been reported to affect as much as 34.9% of the US population. 20 The aim of this study is to explore the feasibility of using TLUSG as an alternative to flexible laryngoscopy in evaluating vocal fold function, when indicated, in a US population undergoing thyroid and parathyroid surgery.
Methods
We enrolled patients diagnosed with thyroid or parathyroid disease and scheduled to undergo thyroidectomy or parathyroidectomy during the 16-month period from March 1, 2013, to July 31, 2014, at Tulane University Medical Center. All operations were performed at the medical center by one of us (E.K.). All demographic characteristics of the recruited patients were collected. Patients were divided into the following 2 groups based on their body mass index (BMI; calculated as weight in kilograms divided by height in meters squared): a nonoverweight group (BMI <25) and an overweight or obese group (BMI ≥25). This study was approved by the institutional review board of Tulane University. All patients provided oral informed consent. All patients initially underwent TLUSG followed by flexible fiberoptic laryngoscopy preoperatively and postoperatively. Cervical TLUSG was performed using a 12-MHz linear transducer by the same surgeon (E.K.) on the same device to avoid any variability in vocal fold assessment. The patients were positioned flat in a supine position with the neck extended. After applying an ample amount of gel, the ultrasonographic transducer was placed transversely over the thyroid cartilage and scanned caudocranially to visualize the vocal folds during quiet spontaneous breathing. The false vocal folds, true vocal folds, and arytenoids were sought carefully and identified when possible. Active movements of the vocal folds were then assessed by asking the patient to pronounce the letter E. These findings were recorded prospectively. Second TLUSG and flexible fiberoptic laryngoscopy were performed at 1 postoperative week. Final follow-up was completed on February 28, 2015.
Flexible fiberoptic laryngoscopy findings were classified as normal or impaired vocal fold function. Impairment included vocal fold weakness, asymmetry, and complete paralysis. Flexible laryngoscopy was used as the standard to which the TLUSG findings were correlated. The TLUSG findings were recorded as correctly or incorrectly correlating with the flexible laryngoscopy finding.
A true-negative finding was defined as detection of movement of a normally mobile vocal fold by TLUSG, whereas a falsepositive finding was defined as an inability to detect this normal movement. A true-positive finding was defined as the ability of TLUSG to detect a dysfunctional vocal fold, whereas a falsenegative finding was defined as the inability to view the dysfunctional fold.
Data were analyzed from March 1, 2013, to February 28, 2015. Testing for the association with the BMI categories was performed using the Fisher exact test for categorical variables and 2-tailed t test for continuous variables. The calculation of sensitivity, specificity, accuracy, and negative and positive predictive values was applied to test the validity of TLUSG compared with flexible fiberoptic laryngoscopy. We used logistic regression to calculate the odds ratios (ORs) and 95% CIs
Results
The study included 250 patients who underwent a total of 500 vocal fold assessments. The mean (SD) age of the study group was 52.7 (14.3) years, and 208 patients (83.2%) were women. Descriptive statistics of our patient population are shown in Table 1 , where we also compare the variables between the overweight-obese and nonoverweight groups. Fifty-eight patients (23.2%) underwent total thyroidectomy; 134 patients (53.6%), thyroid lobectomy or completion thyroidectomy; and 58 patients (23.2%), parathyroidectomy.
Preoperative TLUSG was able to assess 253 of the 500 vocal folds examined (50.6%). Thirteen patients (5.2%) were found to have unilateral VFP before the operation. Of 487 normal-functioning vocal folds, TLUSG assessed 246 correctly for a specificity of 50.5%. Of the 13 patients with preoperative VFP, 7 patients were identified correctly by TLUSG for a sensitivity of 53.8% ( Table 2) .
Of 473 mobile vocal folds assessed postoperatively, 198 were assessed correctly, revealing a specificity of 38.7%. Fourteen patients developed postoperative unilateral VFP in addition to the 13 patients who presented with VFP preoperatively. Of these 27 patients, TLUSG assessed 15 vocal folds correctly, giving a sensitivity of 55.6%. The accuracy of detection of vocal fold movement decreased from 50.6% preoperatively to 39.6% postoperatively. In no case was preoperative or postoperative bilateral VFP reported. The accuracy of TLUSG in the assessment of vocal folds was lower postoperatively (39.6%) when compared with the preoperative assessment (50.6%) (OR, 1.53; 95% CI, 1.22-2.01; P < .001). We found no correlation between the patients' age or sex and the efficacy of preoperative or postoperative assessment of vocal folds using TLUSG. In addition, we found no significant difference in vocal fold visualization between women and men preoperatively (OR, 1.80; 95% CI, 0.95-3.43; P = .07) or postoperatively (OR, 1.50; 95% CI, 0.79-2.85; P = .21).
Discussion
Use of ultrasonography in vocal fold assessment has been studied by many researchers since 1964. [21] [22] [23] [24] [25] [26] [27] [28] Ultrasonography was proposed as an alternative to flexible fiberoptic laryngoscopy because it is less expensive and causes less discomfort to the patient. Some studies [15] [16] [17] supported its use as an accurate method for preoperative assessment of the vocal folds in the Asian population. However, a study performed in Australia 29 concluded that TLUSG is not reliable as an alternative to laryngoscopy in assessing vocal folds and reported a TLUSG sensitivity of 62%. A recent multi-institutional study 19 suggested the use of TLUSG as a screening option instead of laryngoscopy despite showing a low rate of visualization (17%) in men compared with women (83%). The authors concluded that the main obstacles in vocal fold visualization by TLUSG are thyroid cartilage calcification and male sex, whereas no correlation was found between BMI and vocal fold visualization. Previous studies have reported that vocal folds are assessed more easily by TLUSG in female and young patients, 15 which we were not able to demonstrate in our study group of a US population. However, we were able to demonstrate that patient BMI significantly affected the sensitivity and specificity of TLUSG in assessment of vocal fold function. This effect might explain the higher sensitivity of TLUSG in an Asian population with lower BMI compared with a US population.
Preoperative TLUSG missed 6 of 13 patients with VFP; postoperative TLUSG missed 12 of 27 patients. Mistaking VFP has a more profound impact than missing a mobile vocal fold because VFP affects the patient's prognosis and may delay referral for evaluation by experienced speech-language pathologists. We found that TLUSG was not accurate in assessing impairment of vocal fold motion, which may be an important factor in surgical planning for some surgeons. 19, 29 Other vocal fold abnormalities that cause hoarseness and may be misdiagnosed as a VFP, such as bowing, polyps, hematoma from intubation, and, although rare, vocal fold cancer, cannot be detected by TLUSG. The air in the larynx and subglottic spaces may be a barrier owing to the air-tissue interface that can affect the accuracy of ultrasonographic images. Calcification of the thyroid cartilage seen in old age was reported as an obstacle to its use in older patients. Studies that proposed the use of ultrasonography as an alternative to laryngoscopy in assessing vocal folds in most patients have concluded that ultrasonography could not replace laryngoscopy completely. [15] [16] [17] 19 Some studies 15, 16, 30 report that TLUSG can be used to select patients who will need further testing with laryngoscopy. Another study 17 documented that TLUSG can be used when the laryngoscope is unavailable or when radiologists or surgeons are relatively inexperienced with laryngoscopy. In our study, a single endocrine surgeon with 8 years of experience in ultrasonography and laryngoscopy performed all of the TLUSG and flexible fiberoptic laryngoscopy procedures. We compared the percentage of vocal folds correctly detected between the first and last 125 patients. We found that more vocal folds were correctly detected in the earlier group of patients compared with the later group preoperatively and postoperatively ( Table 3 ). This finding suggests that increased experience with the TLUSG examination does not improve the test outcomes. All of our patients undergo routine preoperative ultrasonography and laryngoscopy as part of their preoperative surgical evaluations. We used a 12-MHz linear transducer to perform the TLUSG; other studies used 5-to 10-MHz, 15 5-to 12-MHz, 16 and 7-to 18-MHz 17 linear array transducers. The 5-to 10-MHz linear transducer seemed to provide the best imaging results. Also, using a lateral approach for unilateral TLUSG that was described by Dedecjus et al 18 seems to provide better visualization of the vocal folds, especially in male patients or patients with ossification of the thyroid cartilage.
One of the shortcomings of this study is the low number of patients with preoperative and postoperative VFP, which may affect the data on TLUSG sensitivity in the assessment of VFP. This smaller number also makes the positive predictive values small. Other shortcomings may include the surgeon's prior knowledge of the patient's vocal symptoms, whereas blinding might avoid any possibility of observer bias; lack of 
